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    A cDNA clone for the 29 kDa protein, a putative component of the import machinery 
of rat liver mitochondrial precursor proteins, was isolated from a rat liver cDNA library. 
The nucleotide sequence showed that an open reading frame encodes a polypeptide of 
284 amino acid residues, with a molecular weight of 33,345.  The N-terminal portion of 
this protein has a 35mer-peptide with the typical features of a mitochondrial 
presequence.  The molecular weight of the mature form was calculated to be 29,579.  
The peptide, composed of sixteen amino acids, was synthesized chemically based on the 
amino acid sequence of this protein and was used as an antigen to prepare antibody.  
This antibody specifically recognized the 29 kDa protein and inhibited the import of 
mitochondrial precursor proteins.  Furthermore, the 29 kDa protein formed a complex 
with a precursor proteins on its way to the mitochondrial matrix.  These results strongly 
suggest that the 29 kDa protein is a component of the import machinery.
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inner membrane) function in the process of 
mitochondrial protein import 1)-3).  Most mito-
chondrial precursor proteins are translocated 
across both the outer and inner mitochondrial 
membranes. Therefore, mitochondria have two 
systems for translocation of precursor pro-
INTRODUCTION
  Many import machineries such as soluble 
factors, TOM (the translocase of the outer 
membrane) and TIM (the translocase of the 
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synthesis kit (Stratagene) by a modification of 
the method of the supplier.  After synthesis of 
the 2nd strand, the cDNA was purified on a 
Sephacryl S-300 in spun column (Pharmacia), 
ligated into Uni-Zap XR phage vector between 
the EcoRI and XhoI sites, and packaged into 
phage  coat  protein  with Gigapack gold 
(Stratagene).  The titer of the cDNA library 
was 9.6-17.2 × 105 pfu/μg of phage arm DNA.  
The phage library was screened by the 
procedure described before7) with a 5'-end 
labeled probe(AAG-GAC-TCT-GAG-GGC-TCC-
TGG-TTC-CGG-TCC-CTG-TTT-GTG-CAC-
AAG-GTG-GAC-CCC-CGG-AAG-GAT-GCC-
CAT) as will be described in "RESULTS AND 
DISCUSSION". Subcloned cDNA in pBluescript 
II SK(-) was sequenced.
Synthesis and screening of a rat 
genomic library
  Rat genomic DNA prepared from the spleen 
was partially digested with Sau3AI(0.05U/μg of 
DNA) for 3, 5, and 7 min at 37℃.  Fragments 
of 15-30 kbp in size obtained by sucrose density 
gradient (0-40%) centrifugation were ligated 
into EMBL 3 arms (Promega), which were 
predigested with EcoRI and BamHI, and 
packaged into phage coat proteins.  The titer of 
the library was 6.8 × 105 pfu/μg of phage arm 
DNA.  For the 1st and 2nd screenings, the 
fragment excised from cloned cDNA with 
EcoRI was used as a probe, while a PstI/BamHI 
fragment was used for the 3rd and 4th 
screenings.  Both fragments were labeled by 
the random priming method described by 
Feinberg and Vogelstein8).  To search for the 
translatable 5' region of the DNA which was 
not contained in the cDNA clone, we digested 
phage DNA with suitable restriction endonu-
cleases and subjected the mixtures to southern 
blot analysis9) using the PstI/BamHI fragment 
teins, TOM in the outer membrane and TIM in 
the inner membrane.  So far, the molecular 
mechanisms  of  import  of  mitochondrial 
precursor proteins have been studied exten-
sively in mitochondria of fungi, such as 
Neurospora crassa and Saccharomyces cerevi-
siae.  However, the mammalian system for 
mitochondrial protein import has not been 
studied sufficiently.  It is likely that there are 
many components of the import machinery in 
mammalian cells that have not yet been 
identified.  
  As reported previously 4),5), we isolated 29 kDa 
and 52 kDa proteins from the membrane 
fraction of rat liver mitochondria by affinity 
column chromatography with a chemically 
synthesized peptide containing the prese-
quence of ornithine aminotransferase as a 
ligand. Since the antibodies against these 
proteins strongly inhibited the import of the 
mitochondrial precursor proteins, we con-
cluded that these proteins were essential 
components of the machinery for import of 
mitochondrial proteins.  
  To obtain further information about the 29 
kDa protein, we isolated and sequenced a 
cDNA clone for the 29 kDa protein.  We also 
showed that the 29 kDa protein formed a 
complex with a precursor protein arrested on 
its way to the mitochondrial matrix.
MATERIALS AND METHODS
Synthesis and screening of a rat liver 
cDNA library
  Total RNA was prepared from rat liver by the 
method of Chirgwin, et al.6).  Poly(A)-rich RNA 
was separated from total RNA on oligotex dT 
30 super obtained from Roche-Japan.  A rat 
cDNA library was made using a Zap-cDNA 
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synthesized by Nisshinbo Tokyo Research 
Center. The peptide composed of sixteen amino 
acids was synthesized by Sawady Technology 
Co., Ltd.
RESULTS AND DISCUSSION
Cloning and sequencing of cDNA for 
29 kDa protein
  Purified 29 kDa protein was electrophoresed 
on SDS-polyacrylamide gel and then trans-
ferred to a PVDF membrane filter.  After 
staining, the band of 29 kDa protein was cut 
out and examined in an automatic gas-phase 
protein sequencer.  Then, the N-terminal 28 
amino acid sequence was determined (Fig.1).  
On the basis of the amino acid sequence from 
the 2nd Lys to the 24th His, a DNA probe 
composed of sixty-nine bases was designed 
according to the method of Lathe (16) as 
shown in "MATERIALS AND METHODS" and 
synthesized chemically.  
  Four positive clones were obtained from 8.6 
× 105 λ phages of a rat liver cDNA library.  
From these we prepared pBluescript II SK(-) 
containing positive cDNA inserts and found 
that these had identical inserts of about 1.3 
kbp.  So we picked up one of them and named 
it J22 (Fig.1A).  For determination of the 
nucleotide sequence of J22, we subcloned on 
the basis of the restriction map.  Although no 
putative initiation codon ATG  was found in 
clone J22, the predicted amino acid sequence 
contained 28 amino acid residues identical 
with those found in the 29 kDa protein.  
  To determine the upstream sequence of the 
29 kDa protein, we screened 17.8 × 104 λ 
phages of a rat genomic library and obtained 
one positive clone, with a DNA insert of about 
22 kbp. By Southern blot analysis, we obtained 
as a probe.  A positive fragment from phage 
DNA cleaved with SacI and EcoRI was 
subcloned into pBluescript II SK(+) vector and 
sequenced.
Sequence strategy
  Sequencing was done by the dideoxy-
nucleotide chain termination technique10) using 
a   Sequenase    (U.S.Biochemical  Corp.)   or 
BcaBEST Dideoxy Sequencing Kit (TAKARA 
SHUZO CO.).  Most of the sequence was 
determined after preparation of recombinant 
plasmids containing the following DNA inserts; 
EcoRI/EcoRI, EcoRI/BamHI, BamHI/EcoRI, 
EcoRI/PstI, PstI/PstI, PstI/XhoI fragments in 
J22 and the PstI/EcoRI fragment in R2.  Parts 
of the sequences were analyzed using deletion 
mutants prepared with exonuclease III  (Stra-
tagene).
Import of mitochondrial precursor pro-
teins
  Cell-free translation was performed and a 
nuclease-treated reticulocyte lysate was ob-
tained as described previously11)  The import 
reaction was performed11) using rat liver 
mitochondria and assayed by SDS-polyacrylam-
ide slab gel electrophoresis12) and fluorography 
using Amplify (Amersham).  We mainly used 
Sub9(1-69)-DHFR protein (a fusion protein 
between the F0-ATPase subunit 9 and dihyd-
rofolate reductase) as a precursor in the import 
reaction13).
Other methods
  Antibody against the synthetic peptide was 
prepared by immunizing a rabbit with this 
peptide as described previously14).  Immunoblot-
ting was done by the method of Pain et al. 15).  
Materials
[35S]Methionine(>800 Ci/mmol) was obtained 
from American Radiolabeled Chemicals, Inc. 
 Oligo DNA used as a probe for screening was 
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terminal portion have the typical features of a 
mitochondrial presequence, such as abundant 
basic amino acids and repeated hydrophobic 
amino acids separated by basic amino acids 18)-20).  
The molecular weight of the putative mature 
protein composed of 249 amino acids from the 
36th Ser to the C-terminal Gln was estimated 
to be 29,579, which is very close to the value 
obtained by SDS-slab polyacrylamide gel 
electrophoresis of the 29 kDa protein. Further-
more, we synthesized a hydrophilic peptide 
composed of 16 amino acids from the 140th 
Gln to 155th Arg, based on the amino acid 
sequence, and prepared an antibody against 
the peptide (16 aa peptide).  This antibody 
a positive SacI-EcoRI fragment, subcloned into 
pBluescript II SK(+) plasmid and named it R2 
(Fig.1A).
  Fig.1B shows a sequence comprising J22 and 
R2.  The sequence CCAACATGG[-5-4] is quite 
similar to the consensus initiation sequence of 
CCA/GCCATGG17) and so we assumed this 
ATG codon to be an initiation codon.  The open 
reading frame starts from a putative ATG 
codon[1-3] and ends at a TGA termination 
codon[853-855]. The primary structure de-
duced  from  the  nucleotide  sequence  is 
composed of 284 amino acid residues with a 
molecular weight of 33,345.  Interestingly, the 
thirty-five amino acid residues in the N-
　Fig.1A.　Restriction cleavage maps of the cloned cDNA(J22) and the cloned genomic DNA(R2), 
and the sequence straregy. The closed columns in J22 and R2, and open column in R2 represent 
coding region and a part of intron, respectively. Boxes with single asterisk and double asterisks 
represent the probes for the screening of rat genomic library and for the Southern blot analysis. 
Arrows represent sequenced DNA fragments.
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　Fig.1B.  cDNA sequence and predicted protein sequence of the 29 kDa protein.  The nucleotide 
sequence was deduced from a cDNA clone, J22(15-1283) and genomic clone, R2(-163-14).  
Nucleotides and amino acids are numbered on the left .  The underlined twenty-eight amino acid 
residues are identical with those found in the 29 kDa protein purified from rat liver mitochondria.  
The first thirty-five amino acids doubleunderlined represent a putative mitochondrial presequence.  
The sequence CCAACATGG indicated with closed circle is quite similar to the consensus initiation  
sequence of CCA/GCCATGG. The deduced stop codon TGA is indicated by asterisks.  
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drial precursor proteins, suggesting that this 
antibody added externally was accesible to it.  
Probably, the 29 kDa protein forms a complex 
with other membrane proteins and acts in the 
import machinery.
  We also analyzed the 29 kDa protein by 
homology search.  Interestingly,  the 29 kDa 
protein and human Nipsnap1 protein21) display 
high similarity and identity (94.0% and 93.7%, 
respectively).  The human Nipsnap1 protein is 
similar to 4-nitrophenylphosphatase and mouse 
synaptosomal associated protein 25 (SNAP25). 
The catalytic function of 4-nitrophenylphos-
phatase is known, but available results do not 
provide any clues about its biological role or its 
physiological substrates22).  SNAP25 is part of 
the SNARE (SNAP receptor) complex that 
mediates synaptic vesicle docking and fusion. 
(anti-16 aa peptide IgG) recognized the 29 kDa 
protein (Fig.2).  From these results, we 
concluded that the amino acid sequence 
depicted in Fig.1 is correct for the 29 kDa 
protein.
  This 29 kDa protein was purified from the 
mitochondrial membrane fraction, but it does 
not have any typical membrane binding 
domains, as judged by hydropathy analysis 
(data not shown).  Our previous data suggested 
that the 29 kDa protein is located at the outer 
mitochondrial membrane, but the present data 
suggest that it is not a typical outer membrane 
protein, which is synthesized as a precursor 
protein without presequence. However, proba-
bly it is, at least, partly exposed to the 
cytoplasmic surface of mitochondria, because 
its antibody blocked the import of mitochon-
　Fig.2.  Immunoblotting of the 29 kDa protein with anti-peptide IgG.  Rat liver mitochondria were 
subjected to SDS-polyacrylamide gel electrophoresis and blotted onto nitrocellulose.  The band was 
treated with each antibody 15).  
 Lane1, control IgG; Lane2, anti-peptide IgG; Lane3, anti-29 kDa protein IgG.
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inhibit this import reaction.  On the contrary, 
we found that anti-peptide IgG had no effect 
on the binding of the precursor protein to the 
mitochondria at 0℃ (data not shown).  These 
results indicate that the protein may not have 
an essential role in the early binding step of 
mitochondrial precursor proteins as reported 
previously 5).  
  Methotrexate renders the DHFR moiety of 
Sub9(1-69)-DHFR incompetent for transloca-
tion by conferring it with a more stably folded 
structure24).  Upon import into mitochondria in 
the presence of methotrexate, this construct 
forms a stable translocational intermediate 
spanning both the mitochondrial outer and 
inner membrane. The subunit 9 part pene-
trates enough into the matrix while the stably 
folded DHFR remains outside the outer 
membrane. Probably this translocational inter-
There are examples of non-neuronal SNAP25-
like proteins such as Sec9, which is required 
for post-Golgi transport regulation23).  It is 
possible that the 29 kDa protein also regulates 
the mitochondrial import process.  Further 
study is needed to clarify this point.
Further characterization of the 29 kDa 
protein 
  We have reported that anti-29 kDa protein 
IgG inhibits import of mitochondrial protein 
precursors.  Therefore, we examined the effect 
of anti-peptide IgG on the import of Sub9(1-
69)-DHFR.  Pre-treatment of mitochondria 
with anti-peptide IgG strongly inhibited the 
import of Sub9(1-69)-DHFR (Fig.3).  This 
inhibition seemed to be caused by specific 
interaction of the antigen with antibody, 
because control antibody prepared from a non-
immune rabbit and anti-porin IgG did not 
　Fig.3.  Effect of anti-the peptide IgG on the import of Sub9(1-69)-DHFR. Mitochondria (final 
concentration, 0.25 mg/ml) were incubated with anti-peptide IgG (square), anti-porin IgG (closed 
circle), or control IgG prepared from a non-immune rabbit (open circle) at the concentrations 
indicated in the figure for 15 min at 25℃ and then for 90 min at 0℃.  Then, each mitochondrial 
fraction was incubated with Sub9(1-69)-DHFR for 15min at 30℃.  The mitochondria were then 
reisolated and their imported Sub9(1-69)-DHFR was analyzed11).  Bands of Sub9(1-69)-DHFR on the 
fluorogram were quantified by densitometry.
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for mitochondrial precursor proteins and is 
probably a component of the translocational 
machinery.  
  The plasmid for preparing Sub9(1-69)-DHFR 
protein by in vitro transcription and transla-
tion was kindly supplied by Professor  Walter 
Neupert.  This work was supported in part by 
Grants-in Aid of Scientific Research (08680753, 
09276202) from the Ministry of Education, 
Science and Culture of Japan.  
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